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Fig. 13A

gate-source capacitance of
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Fig. 15A
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Fig. 18
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LIGHT-EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional application of U.S. appli-
cation Ser. No. 10/346,194, filed on Jan. 17, 2003 now U.S.

Pat. No. 6,909,240, now allowed, which claims the benefit

of two foreign priority applications filed in Japan on Jan. 18,
2002, as Serial No. 2002-010848 and Feb. 1, 2002, as Serial

No. 2002-025065. This application claims priority to all of
these applications, and all of these applications are incor-
porated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates to an electroluminescence (EL)
clement, and to a method of driving an electronic display
manufactured by forming thin-film transistors (heremafter
abbreviated as TFTs) on a substrate. Particularly, the inven-
tion relates to a light-emitting device which uses semicon-
ductor elements (elements formed from a semiconductor
thin film). The invention further relates to electronic devices
using the light-emitting device as a display unait.

In this specification, the EL elements include the ones
which utilize emission of light from singlet excitons (tluo-

rescence) and the ones which utilize the emission of light
from triplet excitons (phosphorescence).

2. Description of the Related Art

In recent years, light-emitting devices having EL elements
have been vigorously developed as self light emitting ele-
ments. Unlike the liquid crystal display devices, the light-
emitting device 1s self light emitting type. The EL element
has a structure 1n which an EL layer 1s held between a pair
of electrodes (anode and cathode).

The light-emitting devices can include those of the pas-
sive matrix type and those of the active matrix type. Here,
the devices of the active matrix type are suited for the
applications where a high-speed operation 1s required for an
increase of pixels accompanying an increase in the resolu-
tion and for movie display.

Each pixel in the organic EL panel of the active matrix
type 1s provided with a holding capacitance (Cs) for holding
the voltage. FIG. 12 A 1llustrates an actual example of pixel
constitution, and FIG. 12B 1s an equivalent circuit thereof.
As disclosed 1n patent document 1, the capacitance Cs tends
to be large and the light-emitting area of organic EL tends to
be small correspondingly. In addition to the capacity Cs,
shapes, numbers and arrangements of TF'Ts, wirings, con-
tacts, partitioning walls and the like constituting pixels
become factors for decreasing the light-emitting areas. As
the light-emitting area decreases, the current density
increases and the reliability of the organic EL element
decreases seriously.

(Patent document 1)

Japanese Patent Laid-Open No. He1 8-234683

Further, 1f an opening portion 1s formed 1 a complex
shape 1n order to increase aperture ratio as much as possible,
a shrink of the organic EL portion may be promoted. Here,
the shrink of the EL portion is not a state where the EL layer
physically shrinks, but a state where the eflective area of the
EL element (area of a portion where the EL element emaits
light) gradually shrinks starting from the end portions.
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Namely, as the shape of the opening portion becomes
complex, the length of the end portion increase relative to
the area of the opeming portion promoting the shrink.

FIG. 20 1llustrates an example of the constitution of a
pixel portion 1n an active matrix type EL display device. A
portion surrounded by a dotted line frame 2300 stands for a
pixel portion which includes a plurality of pixels. A portion
surrounded by a dotted line frame 2310 stands for one pixel.

Gate signal lines (G1, G2, .. ., Gy) to which selection
signals are mput from a gate signal line drive circuit, are
connected to gate eclectrodes of switching TFTs 2301
included 1n the pixels. Further, one of a source region and a
drain region of the switching TF'T 2301 included 1n each
pixel 1s connected to a source signal line (S1 to Sx) to which
signals from the source signal line drive circuit are mput,
and the other one 1s connected to the gate electrode of the
driving TFT 2302. One of the source region or the drain
region of the drniving TFT 2302 included 1n each pixel 1s
connected to a current supply line (V1, V2, . . ., VX), and
the other one 1s connected to one electrode of the EL element
2304 included 1n each pixel. Further, each pixel may be
provided with capacitance means 2303 for holding a voltage
between the gate and the source of the driving TFT 2302
during a display period.

The EL element 2304 has an anode, a cathode and an EL
layer provided between the anode and the cathode. When the
anode of the EL element 2304 1s connected to the source
region or the drain region of the driving TFT 2302, the anode
of the EL element 2304 works as a pixel electrode and the
cathode thereof works as an opposing electrode. Conversely,
when the cathode of the EL element 2304 1s connected to the
source region or the drain region of the driving TFT 2302,
the cathode of the EL element 2304 works as a pixel
clectrode and the anode thereof works as an opposing
electrode.

In this specification, the potential of the opposing elec-
trode 1s called opposing potential. A power source which
gives an opposing potential to the opposing electrode 1s
called opposing power source. A diflerence between the
potential of the pixel electrode and the potential of the
opposing electrode 1s an EL drive voltage. The EL drniv
voltage 1s applied to the EL layer held between the pixel
clectrode and the opposing electrode.

As a gradation display method for the light-emitting
device, there can be exemplified an analog gradation system
and a digital gradation system.

Next, described below are the wvalues of when Cs 1s
provided 1n the cases of the analog gradation system and the
digital gradation system.

In the case of the analog gradation system, in general, an
analog video signal 1s written nto each pixel once in one
frame period. The analog video signals are input to the pixels
in the form of an analog voltage or an analog current. In the
case of the analog voltage, the analog voltage that 1s written
1s stored 1n the holding capacitors of the pixels for one frame
period (one frame period lasts 16.66 ms when the frame
frequency 1s 60 Hz). In the case of the analog current, the
current that 1s written 1s once converted into an analog
voltage 1n the pixels. The analog voltage must be maintained
for one frame period.

In the case of the digital gradation system, as described
above, the digital video signal must be written a plural
number (n) of times 1n one frame period. In the case of the
4-b1t gradation, n=4 times or more times and 1n the case of
the 6-bit gradation, n=6 times or more times. Therefore, the
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analog voltage must be maintained for a period of the
longest sub-frame among the n sub-frames divided from one
frame period.

Next, described below 1s a relationship between the
driving TFT and the EL element.

Referring to FIG. 15A, a drnving TFT 1505 and an EL
clement 1506 are connected 1n series between the current
supply line and the opposing power source 1n each pixel. As
for the current flowing into the EL element 1506, a point
where the Vd-Id curve of the driving TFT intersects the V-1
curve of the EL element in FIG. 15B becomes an operation
point. Electric current flows depending upon a voltage
between the source and the drain of the driving TFT 1505

and upon a voltage between the electrodes of the EL element
1505.

When the gate-source voltage (IV ;) of the driving TFT
1505 1s greater than the source-drain voltage (IV ,Jl) by more
than a threshold voltage, the driving TF'T 1505 operates in
a linear region (driving on a constant voltage). When the
gate-source voltage (IVd) of the driving TFT 1505 1s
smaller than the source-drain voltage (IV,J), the driving
TFT 1505 operates 1n a saturated region (driving on a
constant current).

When the drniving TFT 1505 i1s operated in the linear
region, namely, when the operation of the driving TF'T 1505
at the operation point 1s included in the linear region, IV,
of the driving TFT 1505 becomes very smaller than the
voltage (IV ., |) across the electrodes of the EL element 1506,
and variation 1n the characteristics of the driving TFT 15035
does not almost atlect the current that tflows through the EL
element 1506. However, 1f the resistance of the EL element
1506 varies due to a change in the temperature or aging, the
clectric current 1s aflected thereby and undergoes a change.
When, for example, the EL element 1506 1s degraded, and
the voltage-current characteristics thereof change from 1601
to 1602 as shown i FIG. 16A, the operation point, too,
shifts from 1603 to 1604. Here, when the driving TFT 1505
1s operating 1n the linear region, the current flowing through
the EL element 1506 decreases by Al,, accompanying the
shift of the operation point. The brightness, therefore,
decreases.

When the driving TFT 1503 1s operated 1n the saturated
region, on the other hand, the drain current (I,,.) of the
driving TFT 1505 remains constant as shown in FIG. 16B
despite the voltage-current characteristics of the EL element
1506 have changed from 1611 0 1612 due to degradation of
the EL element. Despite the operation point has changed
from 1613 to 1614, therefore, a constant current flows into
the EL element 1506. Accordingly, a change 1n the bright-
ness 1s smaller than that of when the dniving TF'T 1505 1s
operated in the linear region.

The operation points can all be brought into the saturated
region by setting the channel length and channel width of the
driving TFTs and by selecting the characteristics and driving
voltages of the drniving TFTs and EL elements.

When the driving TFT 15035 1s operated 1n the saturated
region, however, the current that flows 1nto the EL element
1506 1s determined solely by the V ..~1,. characteristics
only of the TFT. Therefore, the vanation in the brightness of
the EL element 1506 1s reflected by the vanation in the
characteristics of the driving TFT 1503. Further, the electric
current 1s seriously affected by a change in the gate-source
voltage V . during the holding period. The drain current I 5.
in the saturated region 1s expressed by the formula (1),

Ips=P/2x(V g~ Vrh')z (1)
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Due to an ofl-leak current of the switching TFT 1504, the
clectric charge on the gate electrode of the driving TFT 1505
leaks into the source signal line 1501, and the gate-source
voltage IV ;d of the drniving TFT changes correspondingly
resulting 1n a change in the drain current 1,.. Therefore, a
capacitor 1s necessary for compensating the loss of gate-
source voltage V . of the driving TFT caused by the leak of
the electric charge from the switching TFT 1504. This 1s
called holding capacitance. The magnitude of the holding
capacitance 1s determined by a relationship between the
V _ ~Ipscharacteristics of the driving THT and the amount of
change Al.; 1n the current that accompamies a change of
brightness of the EL element 1506 by one gradation. As will
be understood from the formula (1), the drain current I,
varies 1n proportion to the second power of V ... Therefore,
a change 1n the drain current I, 1s very susceptible to a
change in the gate-source voltage IV .Jd. From Al.,, the
amount ol change AV .. in the gate-source voltage V..
allowed for the driving TFT 1505 1s obtained. The required
magnitude of the holding capacitance 1s determined from the
off-leak current I ... of the switching TFT and the holding
time by using the formulas (2) and (3),

lopr=CAV o o/At (2)

Cs=I X AL/AV 5 (3)
where At 1s a very short period of time and AV . 1s an
increment of the gate-source voltage of the driving TFT
1505.

In contrast with the digital gradation system which etlects
the writing operation a plural number of times per a frame
period, the analog gradation system permits the writing
operation to be done only one time 1n one frame. Therefore,
the holding time becomes long and a larger holding capaci-
tance 1s necessary.

Due to the above reasons, further, the channel lengths of
the driving TFTs must be maintained long i the pixels.
Further, the aperture ratio decreases as the size of the driving
TFT increases.

SUMMARY OF THE INVENTION

This invention was accomplished 1 view of the above
problem, and provides a light-emitting device which realizes
a high aperture ratio and 1n which the quality of image 1s
little affected by the variation of the driving TFTs.

For this purpose, this invention employs means as
described below.

In the light-emitting device of this invention, a large
holding capacitance Cs 1s not provided in the pixel portion
but, 1nstead, the channel length and the channel width of the
driving TFTs are increased, and the capacitance (channel
capacitance) between the gate electrode of the driving TFT
and the channel-forming region 1s utilized as the holding
capacitance Cs.

Retferring to FIG. 18, a gate electrode 1804 of a TFT 1s
constituted by the gate electrode 1804, source electrode
1807 and drain electrode 1808 with a gate-insulating film
1803 sandwiched therebetween. Therefore, gate-source
capacitances 1811, 1812 essentially exist among the termi-
nals and among the gate electrode 1804, source electrode
1807 and source region 1802qa, and gate-drain capacitances
1813 and 1814 essentially exist among the gate electrode
1804, drain electrode 1808 and drain region 18025.

If a gate-source voltage necessary for turning the TFT on
1s applied between the gate electrode 1804 and the source

region 1802a of the TFT, a channel 1810 1s formed 1n the
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channel-forming region 1809 and a drain current flows. At
this moment, a channel capacity 1815 generates between the
gate electrode 1804 and the channel.

The channel region changes depending upon the voltage
conditions of the gate electrode 1804, source electrode 1807
and drain electrode 1808, and the channel capacitance
changes, too.

A change 1n the channel region due to the voltage con-
ditions will now be described with reference to FIG. 17.
Described here 1s an example of the P-channel TFT.

Referring to FIG. 17B, when the TFT 1s in the turned-ofl

state, no channel 1s formed in the channel-forming region
1704 and the channel capacitance can be neglected.

Referring next to FIG. 17C, when the TFT 1s operated in
the linear region, a channel 1706 1s formed in the whole
region between the source and the drain, and the positive
holes are so distributed as to linearly decrease from the
source toward the drain. Since there exist positive holes on
the whole semiconductor surface of the channel-forming
region, the channel capacitance 1s maintained to a suflicient
degree.

Referring next to FIG. 17D, when the TFT 1s operated in
the saturated region, a channel 1706 1s formed but there 1s
distributed no positive hole on the semiconductor surface on
the drain side. However, the positive holes exist on the
semiconductor surface on the source side, and a sufliciently

large capacitance 1s maintained between the gate and the
source.

In laying out the pixels, further, the wiring 1s arranged
under the partitioning wall and the driving TFTs are
arranged under the wiring to maintain an aperture ratio
despite the driving TFTs have an increased size. In the case
of the three-transistor type pixels, further, the switching TFT
and the erasing TFT are linearly arranged to maintain an
aperture ratio, namely, to obtain a simple opening portion.
Here, the switching TFT and the erasing TFT are not
necessarily needed to be exactly arranged on a straight line.
Upon increasing the aperture ratio, the current density
decreases despite the same brightness 1s maintained by the
EL element, and the rate of deterioration of the EL. element

decreases. Besides, a simple opening portion enables the EL
clement to be less aflected by the shrink.

Constitutions of the invention will be described below.

A light-emitting device of the invention comprises a
plurality of pixels having a light-emitting element, each of
the plurality of pixels having a source signal line, a gate
signal line, a current feed line, a switching transistor and a
driving transistor, wherein a capacitor for holding a gate-
source voltage of the driving transistor 1s constituted by a
capacitance between the gate electrode and the channel-
forming region of the driving transistor.

A light-emitting device of the invention comprises a
plurality of pixels having a light-emitting element, each of
the plurality of pixels having a source signal line, a gate
signal line, a current supply line, a switching transistor and
a driving transistor, whereimn a capacitor for holding a
gate-source voltage of the driving transistor 1s constituted by
a capacitance between the gate electrode and the source
region of the driving transistor or between the gate electrode
and the drain region of the driving transistor.

A light-emitting device of the invention comprises a
plurality of pixels having a light-emitting element, each of
the plurality of pixels having a source signal line, first and
second gate signal lines, a current supply line, a switching
transistor, an erasing transistor and a driving transistor,
wherein a capacitor for holding a gate-source voltage of the

5

10

15

20

25

30

35

40

45

50

55

60

65

6

driving transistor 1s constituted by a capacitance between the
gate electrode and the channel-forming region of the driving
transistor.

A light-emitting device of the invention comprises a
plurality of pixels having a light-emitting element, each of
the plurality of pixels having a source signal line, first and
second gate signal lines, a current supply line, a switching
transistor, an erasing transistor and a driving transistor,
wherein a capacitor for holding a gate-source voltage of the
driving transistor 1s constituted by a capacitance between the
gate electrode and the source region of the driving transistor
or between the gate electrode and the drain region of the
driving transistor.

A light-emitting device of the invention comprises a
plurality of pixels having a light-emitting element, each of
the plurality of pixels having a source signal line, a gate
signal line, a current supply line, a switching transistor and
a driving transistor, wherein the source signal line, the
current supply line and the driving transistor are arranged at
positions overlapped with an insulating film formed at
positions separating the neighboring light-emitting areas of
the plurality of pixels.

A light-emitting device of the imvention comprises a
plurality of pixels having a light-emitting element, each of
the plurality of pixels having a source signal line, first and
second gate signal lines, a current supply line, a switching,
transistor and a driving transistor, wherein the source signal
line, the current supply line and the driving transistor are
arranged at positions overlapped on an insulating film
formed at positions separating the neighboring light-emat-
ting areas of the plurality of pixels.

In a light-emitting device of the invention, the switching
transistor and the erasing transistor are arranged at such
positions that a point in the source region and a point in the
drain region of the switching transistor, and a point in the
source region and a point 1n the drain region of the erasing
transistor, are arranged at positions which are all included on
a straight line.

In a light-emitting device of the invention, the driving
transistor 1s arranged at a position where 1t 1s overlapped on
a portion of the source signal line or on a portion of the
current supply line.

In a light-emitting device of the invention, the semicon-
ductor layer forming the channel region of the driving
transistor 1s of a U-shape, an S-shape, a spiral shape or a
meandering shape.

In a light-emitting device of the invention, when the
driving transistor has a channel length L and a channel width
W, then, LxW>200 um~.

In a light-emitting device of the mvention, when a gate-
source voltage of the driving transistor 1s V., a source-
drain voltage 1s V. and a threshold voltage 1s V., the
driving transistor 1s so driven that IV 5 Jl<IV -V |.

In a light-emitting device of the invention, when a gate-
source voltage of the dniving transistor 1s V., a source-
drain voltage 1s V,. and a threshold voltage 1s V., the
driving transistor 1s so driven that [V ,JZIV - J-IV .

In a light-emitting device of the invention, the driving
transistor 1s so driven that the gate-source voltage of the
driving transistor 1s not lower than 4 V but 1s not higher than
14 V.

In a light-emitting device of the invention, when the
driving transistor has a channel length L. and a channel width
W, then, L.>5 W.

In a light-emitting device of the invention, when the
driving transistor has a channel length L. and a channel width
W, L/W of each of the driving transistors included in the
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pixels emitting red light, green light and blue light, respec-
tively, are different from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams illustrating a layout of a
pixel portion fabricated according to the ivention.

FIGS. 2A and 2B are diagrams illustrating a layout of a
pixel portion fabricated according to the mvention.

FIGS. 3A and 3B are diagrams illustrating a layout of a
pixel portion fabricated according to the mvention.

FIGS. 4A and 4B are diagrams illustrating a layout of a
pixel portion fabricated according to the mvention.

FIGS. SA and 5B are diagrams illustrating a layout of a
pixel portion fabricated according to the mvention.

FIGS. 6A and 6B are diagrams illustrating a layout of a
pixel portion fabricated according to the ivention.

FIGS. 7A and 7B are diagrams illustrating a layout of a
pixel portion fabricated according to the mvention.

FIGS. 8A and 8B are diagrams illustrating a layout of a
pixel portion fabricated according to the mvention.

FIGS. 9A and 9B are views illustrating an example in
which a light-emitting device and peripheral circuits are
used 1n as a module for an electronic device;

FIGS. 10A and 10B are diagrams illustrating a layout of
a pixel portion fabricated according to the invention.

FIGS. 11A and 11B are diagrams illustrating configura-
tions of a light emitting device 1n the mvention.

FIGS. 12A and 12B are diagrams 1llustrating a 2-transis-
tor type pixel laid out according to a conventional method;

FIGS. 13A and 13B are diagrams illustrating measured
channel capacitances of a TFT.

FIG. 14 1s a diagram illustrating the measured variation in
the drain-source current I,,. of the TFT.

FIGS. 15A and 15B are diagrams 1illustrating operation
points of an EL element.

FIGS. 16A and 16B are diagrams 1llustrating degradation
and eflect to the brightness of the EL element when the
operation range of the driving TFT 1s 1n a linear region and
in a saturated region.

FIGS. 17A to 17D are diagrams illustrating a behavior of
clectric charges near a channel when a TFT 1s in operation.

FIG. 18 1s a diagram illustrating capacitor elements in
cach part of a TFT.

FIGS. 19A to 19C 1nclude a top view and sectional views 45
of a light-emitting device.

FIG. 20 1s a diagram 1illustrating a matrix of 2-transistor
type pixels.

FIGS. 21A to 21H are views illustrating examples of
clectronic devices to which the invention can be applied.

FIGS. 22A to 22D are diagrams schematically 1llustrating
the steps of fabricating the pixel portion.
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DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

55

Embodiment 1

First, the embodiment will be described with reference to
FIG. 1. Here, the light-emitting device produces a full-color 60
display and wherein either the source regions or the drain
regions ol the driving TFTs of pixels R for emitting light of
red color are connected to a current supply line for red color,
either the source regions or the drain regions of the driving
TFTs of pixels G for emitting light of green color are
connected to a current supply line for green color, and either
the source regions or the drain regions of the driving TFTs
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of pixels B for emitting light of blue color are connected to
a current feed line for blue color. The EL maternials of the EL
clements of R, G and B are separately applied like stripes.

In FIG. 1, the partitioning walls are covering the regions
other than the light-emitting areas 5007. Among the parti-
tioning walls 5020, those partitioning walls formed 1n par-
allel with the stripes serve as coloring margins. The places
where there exist the partitioning walls for coloring margin
cannot be utilized as light-emitting areas. Therefore, the
source signal lines 5001 and the current supply lines 5003
are arranged under the partitioning walls. Next, the driving
TFTs 5005 are arranged under the source signal lines 5001
and under the current supply lines 5003. Here, they may be
arranged under the source signal lines and the current supply
lines possessed by the neighboring pixels.

In this arrangement, the gate electrodes of the driving
TFTs are overlapped with potions of the current supply lines.
The current supply lines have been fixed to a predetermined
potential at all times. Therefore, a capacitance between the
gate electrode and the current supply line of the driving TFT
can be utilized as part of the holding capacitor Cs.

The dnving TFT 5005 has an increased channel length
and an increased channel width so as to also work as a
holding capacitor and, further, to suppress variation in the
characteristics. However, upon arranging the driving TFT
5005 under the partitioning wall for coloring margin, the
aperture ratrio 1s prevented from decreasing despite of an
increase in the channel length and the channel width.

Embodiment 2

When three transistors are used for constituting a pixel,
the two transistors, namely, a switching TFT and an erasing
TFT, excluding the driving TFT, are linearly arranged to
maintain aperture ratio 1n order to realize a further simplified
opening portion. The opening portion of a simple shape
which 1s close to a rectangular shape helps decrease the

eff‘ect of shrink.

Embodiment 3

In determining the channel length and the channel width
of the driving TFT, it 1s necessary to increase the channel
length and the channel width as much as possible and, when
the driving TFT 1s to be operated in the saturated region, to
select the channel length to be larger than the channel width,
so that the gate-source voltage V .. 1s little atlected by the
threshold voltage. Upon increasing the channel length, the
characteristics of the drniving TF'T are more flattened 1n the
saturated region. Here, 11 the gate-source voltage V. 1s
increased too much, problems concerming the consumption
of electric power and breakdown voltage of the driving TFTs
will arise. It 1s therefore desired that the channel length and
the channel width are so adjusted that IV -l 1s not lower than
4 V but 1s not higher than 14 V.

According to the embodiments 1 to 3, the size of the
driving TFT 1s increased and the channel length L 1s
increased relative to the channel width W, making it possible
to use the TFTs having excellently homogeneous current
characteristics in the saturated region as the driving TFTs for
the pixels and preventing the brightness of the EL elements
from being aflected by the variation of the driving TFTs.

Further, the holding capacitor 1s created by the channel
capacitance of the driving TF'T and 1s arranged at a position
where 1t 1s overlapped with the partitioning wall outside the
light-emitting area. Therefore, a high aperture ratio can be
expected.
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Embodiment 4

Light emitting efliciencies of EL elements of R, G and B
are generally different from each other. Therefore, charac-
teristics of electric current of the driving TFTs are all the
same, 1t 1s required to make differences between V . values
of the driving TF'TS 1n order to make diflerences between
electric current values of those. Therefore, when differences
of light emitting efliciencies of each of R, G and B EL
clements are large, differences of V .. values can be large
and 1t can be diflicult to set voltages up.

In this case, 1t 1s desired to adjust characteristics of
clectric current by changing a ratio of channel length/
channel width of the driving TFTs corresponding to light
emitting elements of R, G and B. Here, aperture ratios of R,
G and B light emitting elements are the same by adjusting
channel lengths and channel widths of driving TFTs within
a range where the driving TF'Ts does not protrude from the
region of partitioning walls for a coloring margin. Also, the
channel capacitance can be sufliciently obtained by adjust-
ing the ratios of channel length/channel width corresponding
to each of the light emitting elements of R, G and B such that
those increase.

EXAMPLES

Working Examples of the invention will now be

described.

Example 1

FI1G. 13 illustrates actually measured gate-source capaci-
tances and gate-drain capacitances which are measured. The
gate-source voltage V.. 1s maintained at -6V, and the
drain-source voltage V 5. 1s varied between 16 Vand -16 V.
The saturated region starts as V. becomes about -5V or
lower. The sum of gate-source capacitances and gate-drain
capacitances i FIGS. 13A and 13B 1s a capacity of the
driving TFT.

When the driving TFT 1s driven in the linear region as
described with reference to FIG. 17C, a channel 1s formed on
the whole semiconductor surface, and a suflicient amount of
capacitance can be maintained.

When the driving TFT 1s driven 1n the saturated region, no
channel 1s formed on the side of the drain region as
described with reference to FIG. 17C, and the gate-drain
capacity assumes a value close to 0 as illustrated 1n FIG.
13B. However, since a channel 1s formed on the side of the
source region, the capacitance can be sufliciently supple-
mented by the gate-source capacitance as 1llustrated 1n FIG.
13A. When it 1s desired to drive the driving TFT 1n the
saturated region, therefore, a suflicient amount of channel
capacitance can be maintained by using the driving TFT of
the P-channel type.

From the above description, a large holding capacitor Cs
1s not formed in the pixels, and a high aperture ratio is
obtained by utilizing the channel capacitance of the driving
TFT. Further, an increase of the product of the channel
length and the channel width helps uniformalizing a varia-
tion in crystallinity of the semiconductor constituting the
driving TFTs and, hence, suppress a variation in on-current
I__ of the elements.

Even when the driving TFTs are to be driven in the
saturated region, a problem arises concerning the variation
in the V.~1, characteristics of the driving TFTs in the
pixels. In this case, the current tflowing into the EL element

1s maintained unchanged but the channel length 1s increased
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to be sufliciently larger than the channel width thereby to
improve saturation characteristics in the saturated region.
Upon increasing the channel length, on the other hand, a
decreased amount of electric current 1s supplied to the EL
clement. Therefore, a desired electric current 1s supplied to
the EL element by increasing the gate-source voltage V ..
Theretfore, the gate-source voltage V.. that has become
sufliciently larger than the threshold voltage 1s little aflected
by the variation, and the variation in the drain-source current
I, 1s Turther decreased. With the saturation characteristics
being improved as a result of increasing the channel length,
the drain-source current 1, remains nearly constant in the
saturated region. Therefore, even 1t the resistance changes
due to degradation of the EL element, almost the same
amount of current 1s supplied with the EL element.

FIG. 14 1s a diagram 1llustrating variation in the measured
current 1, of the TFT of when the channel length and
channel width are increased, and the channel length 1is
sufliciently increased with respect to the channel wadth.
The gate-source voltage [V -d 1s fixed to 5 V, the drain-
source voltage IV, J 1s fixed to 8 V, and the drain-source
current I1,. 1s measured by using a plurality of elements
having different channel lengths and channel widths. As will
be understood from FIG. 14, the variation i1n the drain-
source current I, can be suppressed by increasing the area
(channel lengthxchannel width) of the channel-forming
region. When IV oJd of 5V 1s compared with 8 V 1n FIG. 14,
it 1s found that the variation in I, 1s suppressed as V..

becomes very larger than V ;.

Example 2

The constitution and layout of the 2-transistor type pixels
will be described with reference to FIG. 1.

The pixel of FIG. 1 1s constituted by a source signal line
5001, a gate signal line 5002, a current supply line 5003, a
switching TF'T 5004, a dnving TFT 5003, a pixel electrode
5006, and partitioning walls covering the areas other than
the light-emitting area 5007. The gate electrode of the
switching TFT 35004 i1s connected to the gate signal line
5002, the source side thereof 1s connected to the source
signal line 5001, and the drain side thereof 1s connected to
the gate electrode of the current supply line 5005. Further,
the source side of the dniving TFT 5005 1s connected to the
driving TFT 35003, and the drain side thereot 1s connected to
the pixel electrode 5006.

Among the partitioning walls covering the areas other the
light-emitting area 3007, the partitioming wall provided
between the rnight and left neighboring pixels serves as a
coloring margin that 1s necessary when separately producing
the colors R, G and B. It 1s desired that the partitioning wall
provided between the right and left neighboring pixels has a
width of about 30 um.

Here, the partitioning wall for coloring margin cannot be
used as the light-emitting area. Therefore, the source signal
line 5001 and the current supply line 5003 are arranged
under the partitioning wall of the width of 30 um. Next, the
driving TFT 5005 1s arranged under the source signal line
5001 and the current supply line 5003. Here, the driving TF'T
5005 may be arranged under the source signal lines and the
current supply lines possessed by the neighboring pixels.

The holding capacitor can be realized by a channel
capacitance created by a first interlayer insulating film 5017
located between the semiconductor layer 5014 and the gate
clectrode 5016 of the driving TF'T 5005.

Here, the holding time 1s set to be 1 ms and I . of the
driving TFT 1s set to be 1 pA by the digital gradation of a
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short holding period, and the amount AV . of change 1n the
gate-source voltage V .. of the driving TFT 1s set to be about
0.02 V when the brightness of the EL element changes by
one gradation. From the formula (3), the holding capacitance
that 1s necessary 1s 50 fF. If the thickness of the gate-
insulating {ilm 5013 1s selected to be 120 nm and the specific
inductivity to be 4, then, the channel capacitance becomes
about 60 {F with the channel lengthxchannel width=200
um?. Thus, in order to attain a satisfactory capacitance, it is
preferred that the channel lengthxchannel width is 200 um?
Or more.

Further, the varniation of the elements decreases with an
increase 1n the channel lengthxchannel width of the driving
TFTs 5005. It 1s therefore desired that the channel length and
the channel width are as large as possible.

When the driving TF'T 5005 1s to be driven 1n the saturated
region, 1t 1s desired to select the channel length to be lager
than the channel width, so that V .. 1s little aflected by the
threshold Voltage Here, 1t 1s desired that the channel length/
channel width 1s not smaller than 5. Upon mcreasmg the
channel length, the characteristics of the driving TFT 1n the
saturated region can be further flattened. If the gate-source
voltage V . 1s increased too much, however, problems arise
concerning the consumption of electric power and break-
down voltage of the dniving TF'TS. It 1s therefore desired that
the channel length and the channel width are so adjusted that
'V ~d 1s not smaller than 4 V but 1s not larger than 14 V.

The channel length of the driving TFT 5005 can be
increased by being straightened 1n the vertical direction as
represented by the semiconductor layer 5014. The channel
length of the driving TF'T 5005 can be increased and the
channel width can be increased to some extent without
decreasing the aperture ratio.

When the aperture ratio 1s high, the current density for the
EL element decreases assuring a long life. Further, since the
opening portion 1s of a simple shape, the eflect of shrink
decreases.

The switching TFT 5004 1s of a double-gate structure in
the drawing. The switching TFT 5004, however, may be of
a single-gate structure or of a multi-gate structure having
three or more gates.

FIG. 2A illustrates an example of a semiconductor layer
ol a diflerent shape of pattern instead of the semiconductor
layer of FIG. 1A. FIG. 2B 1s a sectional view across a-a' in
FIG. 2A. The semiconductor layer may meander in the
vertical direction as represented by the driving TFT 5105.
With the semiconductor layer being thus formed, the chan-
nel length of the driving TFT 5105 can be further increased
without decreasing the aperture ratio.

FIG. 3A 1llustrates an example of a semiconductor layer
of a different shape of pattern instead of the semiconductor
layer of FIG. 1A. FIG. 3B 1s a sectional view across a-a' in
FIG. 3A. The semiconductor layer may be formed in a
U-shape as represented by the driving TFT 5205. With the
semiconductor layer being thus formed, the channel length
of the driving TFT 5205 can be further increased and the
channel width can be increased to some extent without
decreasing the aperture ratio.

FIG. 4A 1llustrates an example of a semiconductor layer
of a different shape of pattern instead of the semiconductor
layer of FIG. 1A. FIG. 4B 1s a sectional view across a-a' 1n
FIG. 4A. The semiconductor layer may be formed in a
meandering shape 1n the horizontal direction as represented
by the driving TFT 3305. Here, the meandering has a
meaning of “tlowing 1n a winding manner”, and the mean-
dering shape stands for that the shape of the semiconductor
layer 1s meandering. With the semiconductor layer being
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thus formed, the channel length of the driving TFT 5305 can
be further increased and the channel width can be increased
to some extent without decreasing the aperture ratio.

Example 3

The constitution and layout of the 3-transistor type pixels
will be described with reference to FIG. 5.

An erasing transistor 5506 for the SES driving 1s added,
the gate electrode of the erasing transistor 1s connected to a
second gate signal line 5503 that inputs an erasing signal to
the gate electrode, the source eclectrode of the erasing
transistor 1s connected to a current supply line 5504, and the
drain electrode of the erasing transistor 1s connected to the
drain electrode of a switching TFT 3505 and to the gate
clectrode of a driving TFT 53507.

In the case of the 3-transistor type pixels, the two TFTs,
namely, the switching TEFT 5505 and the erasing TFT 5506
are linearly arranged side by side between the first gate
signal line 5502 and the second gate signal line 5503. The
drain region of the switching TFT 5505 may be overlapped
with the drain region of the erasing TFT 53506. Here, the
switching transistor and the erasing transistor are arranged at
such positions that a point in the source region and a point
in the drain region of the switching TFT 5505, and a point
in the source region and a point in the drain region of the
crasing TFT 3506, are arranged on a straight line.

This arrangement makes it possible to improve the aper-
ture ratio and to sumplity the opening portion.

FIG. 6 A illustrates an example of a semiconductor layer
of a different shape of pattern 1nstead of the semiconductor
layer of FIG. SA. FIG. 6B 1s a sectional view across a-a' 1n
FIG. 6A. The semiconductor layer may be formed being
meandered 1n the vertical direction as represented by a
driving TFT 5607. With the semiconductor layer being thus

formed, the channel length of the driving TFT 5607 can be
further increased without decreasing the aperture ratio.

FIG. 7A illustrates an example of a semiconductor layer
ol a diflerent shape of pattern 1nstead of the semiconductor
layer of FIG. 5A. FIG. 7B 1s a sectional view across a-a' 1n
FIG. 7A. The semiconductor layer may be formed 1n a
U-shape as represented by a driving TFT 5707. With the
semiconductor layer being thus formed, the channel length
of the driving TF'T 5707 can be further increased and the
channel width can be increased to some extent without
decreasing the aperture ratio.

FIG. 8A illustrates an example of a semiconductor layer
of a different shape of pattern 1nstead of the semiconductor
layer of FIG. SA. FIG. 8B 1s a sectional view across a-a' 1n
FIG. 8A. The semiconductor layer may be formed in a
meandering shape as represented by a driving TEF'T 5807.
With the semiconductor layer being thus formed, the chan-
nel length of the driving TFT 5807 can be further increased
and the channel width can be increased to some extent
without decreasing the aperture ratio.

FIG. 10A illustrates an example of a semiconductor layer
ol a diflerent shape of pattern instead of the semiconductor
layer of FIG. SA. FIG. 10B 1s a sectional view across a-o'
in FIG. 10A. The semiconductor layer of the driving TFT
has a size as designated at $907. When the holding capaci-
tance 1s not suthcient relying only upon the gate capacitance
of the driving TFT, there may be formed a holding capaci-
tance 5910. Upon forming the holding capacitance 5910
under the partitioning wall 5920, 1t 1s possible to obtain a
sufliciently large holding capacitance without decreasing the
aperture ratio.
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In the pixels of the constitutions illustrated in Example 2
and 1n this Example, the dniving TFTs are operated 1n the
saturated regions to control the electric current supplied to
the EL elements relying only upon the gate-source voltage
of the driving TFTs irrespective of the source-drain voltage
of the dniving TFTs. In this case, the driving TFTs work as
a source of constant current. Therefore, there 1s no need of
integrally forming the current source circuit 1n the periphery
of the pixel portion of the light-emitting device or of adding
the current source circuit to the externally provided drive
circuit, which contributes to a reduction of the device 1n the
S1ZE.

Example 4

Referring to FIG. 9A, the light-emitting device are built-
in as the form of a module 901 when 1t 1s incorporated as a
display unit of an electronic device such as mobile tele-
phone. Here, the module 901 stands for the one in which the
light-emitting device 1s connected to a board where a signal
processing LSI for driving the light-emitting device, a
memory and the like are mounted.

FIG. 9B 1s a block diagram of the module 901. The
module 901 includes a power source umit 911, a signal
control unit 912, an FPC 913 and a light-emitting device
914. Being powered by an external battery, the power source
unit 911 forms a plurality of desired voltages and supplies
them with the source signal line drive circuit, the gate signal
line drive circuit, the light-emitting elements and the like.
The signal control unit 912 receives video signals and
synchronizing signals, converts them into various signals so
as to be processed by the light-emitting device 901, and
torms clock signals and the like for driving the source signal
line drive circuit and the gate signal line drive circuit.

The module 901 of this embodiment 1includes the light-
emitting device 914, the power source unit 911 and the
signal control unit 912, which are independently formed.

They, however, may be formed integrally together on a
substrate.

FIG. 11 illustrates, 1n detail, the constitution of the light-
emitting device 914 included 1n the module 901 shown 1n
FIG. 9.

The light-emitting device 1s, on the board 1001, consti-
tuted by a pixel portion 1003, a source signal line drive
circuit 1004, gate signal line drive circuits 1005 and 1006,
an FPC 1007 and the like. The opposing board 1002 may be
made of a transparent material such as glass or a metallic
maternial. A gap between the board 1001 and the opposing
board 1002 1s sealed with a filler, and 1s often filled with a
drying agent to prevent the EL elements from being dete-
riorated with water.

FIG. 11B 1s a top view. A pixel portion 1003 1s arranged
on the central portion of the substrate. On the peripheries,
there are arranged the source signal line drive circuit 1004,
and the gate signal line drive circuits 1005 and 1006. On the
peripheries of the source signal line drive circuit 1004, there
are arranged a current supply line 1011 and an opposing
clectrode contact 1013 and the like. The opposing electrodes
of the EL elements are formed on the whole surface of the
pixel portion, and an opposing potential 1s applied from the
opposing electrode contact 1013 through the FPC 1007.
Signals for driving the source signal line drive circuit 1004
and the gate signal line drive circuits 1005, 1006, as well as
the power source, are fed from external units through the
FPC 1007.

A sealing member 1014 for sticking the substrate 1001
and the opposing substrate 1002 may be so formed as to be
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partly overlapped with the source signal line drive circuit
1004 and on the gate signal line drive circuits 1005, 1006 as
shown in FIG. 11B. Then, the frame of the light-emitting

device can be narrowed.

Example 5

In Example 5, an example of manufacturing a light-
emitting device by using the present invention 1s described
with reference to FIGS. 19A to 19C.

FIG. 19A 15 a top view of a light-emitting device formed
by sealing a transistor substrate on which a pixel portion 1s
provided by means of a sealing material. FIG. 19B 1s a cross
sectional view taken along a line A-A' of FIG. 19A, and FIG.
19C 1s a sectional view taken along a line B-B' of FIG. 19A.

A seal member 4009 1s provided so as to surround a pixel
portion 4002, a source signal line driving circuit 4003, and
the first and the second gate signal line driving circuits
4004a and 40045, which are provided on a substrate 4001.
Further, a sealing member 4008 1s provided over the pixel
portion 4002, the source signal line driving circuit 4003, and
the first and the second gate signal line driving circuits
4004a and 40045. Thus, the pixel portion 4002, the source
signal line driving circuit 4003, and the first and the second
gate signal line driving circuits 4004aq and 40045 are sealed
with a filler 4210 and by the substrate 4001, the seal member
4009, and the sealing member 4008. The seal member 4009
may be provided to overlap with a portion of the source
signal line driving circuit 4003 and the first and the second
gate signal line driving circuits 4004a and 40045.

Further, the pixel portion 4002, the source signal line
driving circuit 4003, the first and the second gate signal line
driver circuits 4004a and 40045 provided on the substrate
4001 include a plurality of TFTs. FIG. 19B typically shows
TFTs (here, an n-channel TFT and a p-channel TFT are
shown) 4201 included in the source signal line driving
circuit 4003 and a TFT 4202 included 1n the pixel portion
4002.

An terlayer insulating film (flattening film) 4301 1is
formed on the driving TFTs 4201 and 4202, and a pixel
clectrode (anode) 4203 electrically connected to a drain
region of the TFT 4202 1s formed thereon. A transparent
conductive film having a high work function is used as the
pixel electrode 4203. A compound of indium oxide and tin
oxide, a compound of indium oxide and zinc oxide, zinc
oxide, tin oxide, or indium oxide can be used for the
transparent conductive film. Further, the transparent con-
ductive film added with gallium may be used.

An 1sulating film 4302 1s formed on the pixel electrode
4203, and an opening portion 1s formed in the 1insulating film
4302 over the pixel electrode 4203. In this opening portion,
an organic light-emitting layer 4204 1s formed on the pixel
clectrode 4203. The organic light-emitting layer 4204 1is
formed by using a known organic light-emitting material or
inorganic light-emitting material. Although the organic
light-emitting material includes a low molecular system
(monomer system) and a high molecular system (polymer
system), either may be used.

The organic light-emitting layer 4204 1s formed by using
a known evaporation technique or coating technique. The
organic light-emitting layer may be formed to be a lamina-
tion structure composing a hole injecting layer, a hole
transporting layer, a light-emitting layer, an electron trans-
porting layer, and an electron 1njecting layer or to be a single
structure.

A cathode 4205 made of a conductive film (typically, a
conductive film containing aluminum, copper or silver as 1ts
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main ingredient, or a laminate film of those and another
conductive films) having a light shielding property 1s formed
on the organic light-emitting layer 4204. It 1s desirable that
moisture and oxygen existing on the interface between the
cathode 42035 and the organic light-emitting layer 4204 are
removed to the utmost. Accordingly, 1t 1s necessary to make
such contrivance that the organic light-emitting layer 4204
1s formed 1n a nitrogen or rare gas atmosphere, and the
cathode 4205 1s formed while the light-emitting layer 1s not
exposed to oxygen or moisture. In this example, a multi-
chamber system (cluster tool system) film forming apparatus
1s used, so that the film formation as described above 1s

ecnabled. A predetermined voltage 1s applied to the cathode
4205.

In the manner as described above, an light-emitting ele-
ment 4303 constituted by the pixel electrode (anode) 4203,
the organic light-emitting layer 4204, and the cathode 4205
1s formed. Then, a protection film 4209 1s formed on the
insulating film 4302 so as to cover the light-emitting element
4303. The protection film 4209 1s eflective to prevent
oxygen, moisture and the like from penetrating into the
light-emitting element 4303.

Reference numeral 4005a designates a drawing wiring,
line connected to a power supply line and 1s electrically
connected to a source region of the second TFT 4202. The
drawing wiring line 4005a passes between the seal member
4009 and the substrate 4001, and 1s electrically connected to

an FPC wiring line 4301 included 1n an FPC 4006 through
an anisotropic conductive film 4300.

As the sealing member 4008, a glass member, a metal
member (typically, a stainless member), a ceramic member,
or a plastic member (including a plastic film) can be used.
As the plastic member, an FRP (Fiberglass-Reinforced Plas-
tics) plate, a PVF (polyvinyl fluonide) film, a Mylar film, a
polyester film or an acryl resin film can be used. Further, a
sheet having such a structure that an aluminum foil 1s
interposed between PVF films or Mylar films can also be
used.

However, in the case where the radiation direction of light
from the light-emitting element 1s directed toward the side of
a cover member, the cover member must be transparent. In
this case, a transparent material such as a glass plate, a
plastic plate, a polyester film, or an acryl film 1s used.

As the filler 4103, 1n addition to an inert gas such as
nitrogen or argon, ultraviolet ray curing resin or thermoset-
ting resin can be used, and PVC (polyvinyl chloride), acryl,
polyimide, epoxy resin, silicone resin, PVB (polyvinyl
butyral), or EVA (ethylene-vinyl acetate) can be used. In this
example, nitrogen was used as the filler.

Further, in order to expose the filler 4103 to a hygroscopic
material (preferably, barium oxide) or a maternial capable of
adsorbing oxygen, a recess portion 4007 1s provided on the
surface of the sealing member 4008 on the side of the
substrate 4001 and the hygroscopic maternial or the material
4207 capable of adsorbing oxygen 1s disposed. Then, 1n
order to prevent the hygroscopic material or the matenal
4207 capable of adsorbing oxygen Ifrom scattering, the
hygroscopic material or the material capable of adsorbing
oxygen are held 1n the recess portion 4007 by a recess cover
member 4208. Note that, the recess cover member 4208 1s
formed 1nto a fine mesh, and has such a structure that air or
moisture 1s permeated and the hygroscopic material or the
material 4207 capable of adsorbing oxygen 1s not perme-
ated. The deterioration of the light-emitting element 4303
can be suppressed by providing therewith the hygroscopic
material or the material 4207 capable of adsorbing oxygen.
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As shown 1n FIG. 19C, at the same time as the formation
of the pixel electrode 4203, a conductive film 4203a 1is
formed to be 1n contact with the drawing wiring line 4005a4.

The anisotropic conductive film 4300 includes a conduc-
tive filler 4300a. The substrate 4001 and the FPC 4006 are
thermally compressed, so that the conductive film 42034 on
the substrate 4001 and the FPC wiring line 4301 on the FPC

4006 are clectrically connected through the conductive filler
4300a.

Example 6

In Example 6, manufacturing steps of the light-emitting
device shown in Examples 2 and 3 are described with
reference to FIGS. 22A to 22D. Though the description of a
pixel portion 1s only given here, manufacturing steps of a
driving circuit 1s not limited to this so that the description
thereol 1s omitted here.

As shown 1n FIG. 22A, a base film (not shown) made of
a silicon oxide film, a silicon nitride film, or a silicon
oxynitride film 1s formed on a substrate made of glass such
as bartum borosilicate glass or aluminoborosilicate glass.
Thereatter an amorphous semiconductor layer 1s crystallized
by using a laser crystallization method and a known thermal
crystallization method. Then the crystallized semiconductor
layer 1s patterned 1n a desired shape to obtain semiconductor
islands 2201 and 2202 (FIG. 22A).

A gate msulating film (not shown) to cover the semicon-
ductor 1slands 2201 and 2202 1s formed. Conductive films to
form the gate electrode may be made of an element selected
from the group consisting of Ta, W, T1, Mo, Al, Cu, or an
alloy material containing mainly the above elements, or a
compound material containing mainly the above elements.
Thereafter patterning 1s subjected into a desired shape to
obtain gate electrodes 2203 and 2204 (reference numeral
2203 serves both as the gate electrode and the gate signal
line) (FIG. 22B).

An msulating film (not shown) functioning additionally as
planarization of the substrate surface and a pixel electrode
2205 1s formed thereon. In the pixel electrode 2205, 1n the
case that the display surface 1s an upper side, the electrode
1s a reflective electrode, 1n the case that the display surface
1s on lower side, the electrode 1s a transparent electrode
having a transparency to the light. MgAg and the like may
be used as materials for forming the reflective electrode, and
ITO and the like may be used as materials for forming the
transparent electrode typically. The pixel electrode 2205 1s
formed 1nto a desired shape by patterning after a film 1s
made of the above matenals.

A contact hole 2206 reaching to the semiconductor layers
2201, 2202, and the gate electrode 2204 1s opened to form
wirings 2207 to 2209 (reference numeral 2207 1s to be a
source signal line and 2208 1s to be a current supply line).
The wiring 2209 and the pixel electrode 2206 are made
contact by being overlapped with each other (FI1G. 22C).

Next, a partitioning wall 1s formed between the adjoining
pixels and open the portion to be a light-emitting area 2210
by etching (FIG. 22D). Thereatter, an EL layer 1s formed on
the opening portion, and thus the pixel portion 1s completed.

Example 7

The light-emitting device 1s of the self-emission type, and
thus exhibits more excellent recogmizability of the displayed
image 1 a light place and has a wider viewing angle as
compared to the liquid crystal display device. Accordingly,
the light-emitting device can be applied to a display portion
in various electronic devices.
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Such electronic devices using a light-emitting device of
the present mvention include a video camera, a digital
camera, a goggles-type display (head mount display), a
navigation system, a sound reproduction device (such as a
car audio equipment and an audio set), a lap-top computer,
a game machine, a portable information terminal (such as a
mobile computer, a mobile telephone, a portable game
machine, and an electronic book), an 1mage reproduction
apparatus including a recording medium (more specifically,
an apparatus which can reproduce a recording medium such
as a digital versatile disc (DVD) and so forth, and includes
a display for displaying the reproduced image), or the like.
In particular, in the case of the portable information termi-
nal, use of the light-emitting device 1s preferable, since the
portable immformation terminal that 1s likely to be viewed
from a tilted direction 1s often required to have a wide
viewing angle. FIGS. 21A to 21H respectively shows vari-
ous specilic examples of such electronic devices.

FIG. 21A illustrates an electro-luminescence display
device which includes a casing 3001, a support table 3002,
a display portion 3003, a speaker portion 3004, a video 1mnput
terminal 3005 and the like. The present invention 1s appli-
cable to the display portion 3003. The light-emitting device
1s of the self-emission-type and therefore requires no back-
light. Thus, the display portion thereof can have a thickness
thinner than that of the liquid crystal display device. The
light-emitting device 1s including the entire display device
for displaying information, such as a personal computer, a
receiver of TV broadcasting and an advertising display.

FIG. 21B illustrated a digital still camera which includes
a main body 3101, a display portion 3102, an image rece1v-
ing portion 3103, an operation key 3104, an external con-
nection port 3105, a shutter 3106, and the like. The light-
emitting device of the present invention can be used as the
display portion 3102.

FI1G. 21C illustrates a lap-top computer which includes a
main body 3201, a casing 3202, a display portion 3203, a
keyboard 3204, an external connection port 3205, a pointing,
mouse 3206, and the like. The light-emitting device of the
present mvention can be used as the display portion 3203.

FIG. 21D 1llustrated a mobile computer which includes a
main body 3301, a display portion 3302, a switch 3303, an
operation key 3304, an infrared port 3305, and the like. The
light-emitting device of the present invention can be used as
the display portion 3302.

FI1G. 21FE 1llustrates a portable image reproduction equip-
ment including a recording medium (more specifically, a
DVD reproduction apparatus), which includes a main body
3401, a casing 3402, a display portion A 3403, another
display portion B 3404, a recording medium (DVD or the
like) reading portion 3405, an operation key 3406, a speaker
portion 3407 and the like. The display portion A 3403 1s used
mainly for displaying image information, while the display
portion B 3404 1s used mainly for displaying character
information. The light-emitting device of the present inven-
tion can be used as these display portions A 3403 and B
3404. The image reproduction apparatus including a record-
ing medium further includes a domestic game machine or
the like.

FIG. 21F 1illustrates a goggle type display (head mounted
display) which includes a main body 3501, a display portion
3502, arm portion 3503, and the like. The light-emitting
device of the present invention can be used as the display
portion 3502.

FIG. 21G illustrates a video camera which includes a
main body 3601, a display portion 3602, a casing 3603, an
external connecting port 3604, a remote control receiving
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portion 3605, an 1mage receiving portion 3606, a battery
3607, a sound input portion 3608, an operation key 3609,
and the like. The light-emitting device of the present inven-
tion can be used as the display portion 3602.

FIG. 21H 1llustrates a mobile telephone which includes a
main body 3701, a casing 3702, a display portion 3703, a
sound 1nput portion 3704, a sound output portion 3705, an
operation key 3706, an external connecting port 3707, an
antenna 3708, and the like. The light-emitting device of the
present mvention can be used as the display portion 3703.
Note that the display portion 3703 can reduce power con-
sumption of the mobile telephone by displaying white-
colored characters on a black-colored background.

When the brighter luminance of light emitted from the
organic light-emitting material becomes available 1n the
future, the light-emitting device in accordance with the
present 1nvention will be applicable to a front-type or
rear-type projector in which light including output image
information 1s enlarged by means of lenses or the like to be
projected.

The aforementioned electronic devices are more likely to
be used for display imnformation distributed through a tele-
communication path such as Internet, a CATV (cable tele-
vision system), and in particular likely to display moving
picture information. The light-emitting device 1s suitable for
displaying moving pictures since the organic light-emitting
material can exhibit high response speed.

A portion of the light-emitting device that 1s emitting light
consumes power, so 1t 1s desirable to display information 1n
such a manner that the light-emitting portion therein
becomes as small as possible. Accordingly, when the light-
emitting device 1s applied to a display portion which mainly
displays character information, ¢.g., a display portion of a
portable information terminal, and more particular, a por-
table telephone or a sound reproduction device, it 1s desir-
able to drive the light-emitting device so that the character
information 1s formed by a light-emitting portion while a
non-emission portion corresponds to the background.

As set forth above, the present invention can be applied
variously to a wide range of electronic devices 1n all fields.
Moreover, the electronic device in this example can be
implemented by using any structure of the light-emitting
devices in Examples 1 to 6.

According to the invention as described above, the size of
the driving TF'T 1s increased and the channel length L 1s
increased relative to the channel width W, making it possible
to use the TFTs having excellently homogeneous current
characteristics in the saturated region as the driving TFTs for
the pixels and preventing the brightness of the EL elements
from being aflected by the vanation of the driving TFTs.
Further, the holding capacitor 1s created by the channel
capacitance of the driving TF'T and 1s arranged at a position
where 1t 1s overlapped with the partitioning wall outside the
light-emitting area. Theretfore, a high aperture ratio can be
expected.

What 1s claimed 1s:

1. A light-emitting device comprising:

a plurality of pixeis, each of the pixels comprising:

a light-emitting element; and

driving transistor,

wherein a capacitor for holding a gate-source voltage of

cach of the dniving transistors 1s constituted by a
capacitance between a gate electrode and a channel
forming region 1n a semiconductor layer of the driving
transistor and an insulating film therebetween.

2. A light-emitting device according to claim 1, wherein
cach of smiconductor layers forming the channel regions of
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the driving transistors 1s of a shape selected from the group
consisting of a U-shape, an S-shape, a spiral shape and a
meandering shape.

3. A light-emitting device according to claim 1, wherein
cach of the driving transistors has a channel length L and a
channel width W, and wherein LxW>200 pm”.

4. A light-emitting device according to claim 1, wherein
a gate-source voltage of the driving transistors 1s V., a
source-drain voltage 1s V. and a threshold voltage 1s V , ,
and wheremn the driving transistors are so driven that
Vo d<lV 2d=IV .

5. A light-emitting device according to claim 1,

wherein a gate-source voltage of the driving transistors 1s

V.. a source-drain voltage 1s V. and a threshold
voltage 1s V,, and

wherein the driving transistors are so driven that

V5 21V -V .| and that IV ;d 1s not lower than 4 V
but 1s not higher than 14 V.
6. A light-emitting device according to claim 1,

wherein each of the driving transistors has a channel
length L and a channel width W, and
wherein L>5 W.

7. A light-emitting device according to claim 1,

wherein the light emitting elements emit one of red light,
green light and blue light,

wherein each of the driving transistors has a channeil

length L and a channel width W, and

wherein L/W of the driving transistors corresponding

light emitting elements for red light, L/W of the driving
transistors corresponding light emitting elements for
green light and L/W of the driving transistors corre-
sponding light emitting elements for blue light are
different from each other.

8. An electronic device using a light-emitting device
according to claim 1, wherein the electronic device 1is
selected from the group consisting of electro-luminescence
display device, a digital still camera, a lap-top computer, a
mobile computer, a portable 1mage reproduction eqipment
including a recording medium, a goggle type display, a
video camera and a mobile telephone.

9. A light-emitting device comprising:

a plurality of pixels, each of the pixels comprising:

a light-emitting element; and

a driving transistor,

wherein a capacitor for holding a gate-source voltage of

cach of the dniving transistors 1s constituted by a
capacitance between a gate electrode and a drain region
in a semiconductor layer of the driving transistor and an
insulating film therebetween.

10. A light-emitting device according to claim 9, wherein
cach of semiconductor layers forming the channel regions of
the driving transistors 1s ol a shape selected from the group
consisting ol a U-shape, an S-shape, a spiral shape and a
meandering shape.

11. A light-emitting device according to claim 9, wherein
cach of the driving transistors has a channel length L and a
channel width W, and wherein LxW>200 um~.

12. A light-emitting device according to claim 9, wherein
a gate-source voltage of the driving transistors 1s V., a
source-drain voltage 1s V5. and a threshold voltage 1s V,
and wherein the dniving transistors are so driven that
Vo d<lV o d=IV .

13. A light-emitting device according to claim 9,

wherein a gate-source voltage of the driving transistors 1s

Ve, a source-drain voltage 1s V. and a threshold
voltage 1s V,, and
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wherein the dnving transistors are so driven that
IV JZIV o J-IV | and that [V . 1s not lower than 4 V

but 1s not higher than 14 V.

14. A light-emitting device according to claim 9,
wherein each of the driving transistors has a channel
length L and a channel width W, and

wherein L>5 W,
15. A hight-emitting device according to claim 9,

wherein the light emitting elements emit one of red light,
green light and blue light,

wherein each of the driving transistors has a channel
length L and a channel width W, and

wherein L/W of the driving transistors corresponding
light emitting elements for red light, /W of the driving
transistors corresponding light emitting elements for
green light and L/W of the driving transistors corre-
sponding light emitting elements for blue light are
different from each other.

16. An clectronic device using a light-emmiting device
according to claim 9, wherein the electronic device 1is
selected from the group consisting of electro-luminescence
display device, a digital still camera, a lap-top computer, a
mobile computer, a portable 1mage reproduction equipment
including a recording medium, a goggle type display, a
video camera and a mobile terephone.

17. A hight-emitting device comprising;:

a plurality of pixels, each of the pixels comprising:

a light-emitting element;

a switching transistor;

an erasing transistor; and

a driving tranststor,

wherein a capacitor for holding a gate-source voltage of
cach of the dniving transistors 1s constituted by a
capacitance between a gate electrode and a channel
forming region 1n a semiconductor layer and an 1nsu-
lating film therebetween of each of the driving transis-
tors.

18. A light-emitting device according to claim 17, wherein
cach of the switching transistors and each of the erasing
transistors are arranged at such positions that a point 1n a
source region and a point in a drain region of each of the
switching transistors, and a point 1 a source region and a
point 1n a drain region of each of the erasing transistors, are

arranged at positions which are all included on a straight
line.

19. A light-emitting device according to claim 17, wherein
cach of semiconductor layers forming the channel regions of
the driving transistors 1s of a shape selected from the group
consisting of a U-shape, an S-shape, a spiral shape and a
meandering shape.

20. A light-emmitting device according to claim 17,

wherein each of the driving transistors has a channel length
L and a channel width W, and wherein LxW>200 um~.

21. A light-emitting device according to claim 17, wherein
a gate-source voltage of the driving transistors 1s V., a
source-drain voltage 1s V 5. and a threshold voltage 1s V,

and wheremn the driving transistors are so driven that
VA<V o=V .

22. A light-emitting device according to claim 17,

wherein a gate-source voltage of the driving transistors 1s
V.. a source-drain voltage 1s V. and a threshold
voltage 1s V,;, and

wherein the driving transistors are so driven that
V5 21V o d-IV | and that [V 4 1s not lower than 4 V

but 1s not higher than 14 V.
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23. A Light-emitting device according to claim 17,

wherein each of the driving transistors has a channel
length L and a channel width W, and

wherein [L.>5 W.

24. A hight-emitting device according to claim 17,

wherein the light emitting elements emit one of red light,
green light and blue light,

wherein each of the driving transistors has a channel
length L and a channel width W, and

wherein L/W of the driving transistors corresponding
light emitting elements for red light, L/W of the driving
transistors corresponding light emitting elements for
green light and L/W of the driving transistors corre-
sponding light emitting elements for blue light are
different from each other.

25. An electronic device using a lighting-emitting device
according to claam 17, wherein the electronic device 1is
selected from the group consisting of electro-luminescence
display device, a digital still camera, a lap-top computer, a
mobile computer, a portable image reproduction equipment
including a recording medium, a goggle type display, a
video camera and a mobile telephone.

26. A light-emitting device according to claim 17, wherein
the switching transistor and the erasing transistor are linearly
arranged.

27. A light-emitting device comprising:

a plurality of pixels, each of the pixels comprising:
a light-emitting element;

a switching transistor;

an erasing transistor; and

a driving transistor,

wherein a capacitor for holding a gate-source voltage of
cach of the dniving transistors 1s constituted by a
capacitance between a gate electrode and a drain region
in a semiconductor layer and an insulating film ther-
cbetween of each of the dniving transistors.

28. A light-emmiting device according to claim 27,
wherein each of the switching transistors and each of the
erasing transistors are arranged at such positions that a point
in a source region and a point 1n a drain region of each of the
switching transistors, and a point in a source region and a
point 1n a drain region of each of the erasing transistors, are
arranged at positions which are all included on a straight
line.

29. A light-emitting device according to claim 27, werein
cach of semiconductor layers forming the channel regions of
the driving transistors 1s of a shape selected from the group
consisting of a U-shape, an S-shape, a spiral shape and a
meandering shape.

30. A light-emmitting device according to claim 27,
wherein each of the driving transistors has a channel length

[ and a channel width W, and wherein LxW>200 pm~.

31. A light-emitting device according to claim 27, wherein
a gate-source voltage of the driving transistors 1s V., a
source-drain voltage 1s V5. and a threshold voltage 1s V
and wheremn the driving transistors are so driven that

Vo d<lV o d-IV .
32. A hight-emitting device according to claim 27,

wherein a gate-source voltage of the driving transistors 1s
V.. a source-drain voltage 1s V. and a threshold
voltage 1s V,;, and

wherein the driving transistors are so driven that
V5 Z2IV o d-IV | and that IV zd 1s not lower than 4 V

but 1s not higher than 14 V.
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33. A light-emitting device according to claim 27,

wherein each of the driving transistors has a channel
length L and a channel width W, and

wherein L>5 W.

34. A light-emitting device according to claim 27,

wherein the light emitting elements emit one of red light,
green light and blue light,

wherein each of the driving transistors has a channel
length L and a channel width W, and

wherein L/W of the driving transistors corresponding
light emitting elements for red light, /W of the driving
transistors corresponding light emitting elements for
green light and L/W of the driving transistors corre-
sponding light emitting elements for blue light are
different from each other.

35. An clectronic device using a light-emitting device
according to claim 27, wherein the electronic device 1is
selected from the group consisting of electro-luminescence
display device, a digital still camera, a lap-top computer, a
portable 1image reproduction equipment including a record-
ing medium, a goggle type display, a video camera and a
mobile telephone.

36. A light-emitting device according to claim 27, wherein
the switching transistor and the erasing transistor are linearly
arranged.

37. A light-emitting device comprising:

a thin film transistor comprising:

a semiconductor layer comprising a channel forming
region, a source region and a drain region over an
insulating surface;

a gate msulating film over the semiconductor film; and

a gate electrode over the gate insulating film;

an interlayer isulating film over the gate electrode and
the gate mnsulating film;

a source signal line over the interlayer msulating film the
source signal line 1s 1n contact with the source region of
the semiconductor layer;

a current supply line over the interlayer msulating film;

a pixel electrode over the interlayer insulating film; and
a light emitting layer over the pixel electrode,

wherein the thin film transistor 1s overlapped with at least
one of the source signal line and the current supply line,
and

wherein a capacitor for holding a gate-source voltage of
the thin film transistor 1s constituted by a capacitance
between a gate electrode and a channel forming region
of the thin film transistor with the gate insulating film
interposed therebetween.

38. A light-emitting device according to claim 37, wherein
the semiconductor layer forming the channel region of the
thin film transistor 1s ol a shape selected from the group
consisting of a U-shape, an S-shape, a spiral shape and a
meandering shape.

39. A light-emitting device according to claim 37,

wherein the thin film transistor has a channel length L and
a channel width W, and

wherein LxW>200 um”.
40. A light-emitting device acccrding to claim 37,

wherein the thin film transistor has a channel length L and
a channel width W, and

wherein [L.>5 W.

41. An clectronic device using a light-emitting device
according to claim 37, wherein the electronic device 1is
selected from the group consisting of electro-luminescence
display device, a digital still camera, a lap-top computer, a
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mobile computer, a portable 1mage reproduction equipment
including a recording medium, a goggle type display, a
video camera and a mobile telephone.

42. A hight-emitting device comprising;:

a thin film transistor comprising;

a semiconductor layer comprising a channel forming
region, a source region and a drain region over an
insulating surface;

a gate msulating film over the semiconductor film; and

a gate electrode over the gate insulating film;

an interlayer insulating film over the gate electrode and
the gate insulating film;

a source signal line over the interlayer imnsulating film, the
source signal line 1s 1n contact with the source region of
the semiconductor layer;

a current supply line over the mterlayer insulating film;

a pixel electrode over the interlayer insulating film; and

a light emitting layer over the pixel electrode,

wherein the thin film transistor 1s overlapped with at least
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and

wherein a capacitor for holding a gate-source voltage of
the thin film transistor 1s constituted by a capacitance
between a gate electrode and a drain region of the thin

24

film transistor with the gate msulating film 1nterposed
therebetween.

43. A light-emitting device acording to claim 42, wherein
the semiconductor layer forming the channel region of the
thin film transistor 1s ol a shape selected from the group
consisting ol a U-shape, an S-shape, a spiral shape and a
meandering shape.

44. A light-emitting device according to claim 42,

wherein the thin film transistor has a channel length L and

a channel width W, and
wherein LxW>200 um”.
45. A light-emitting device according to claim 42,

wherein the thin film transistor has a channel length L and
a channel Width W, and

wherein L>5 W.

46. An electronic device using a light-emitting device
according to claim 42, wherein the electronic device 1s
selected from the group consisting of electro-luminescence
display device, a digtal still camera, a lap-top computer, a
mobile computer, a portable image reproduction equipment
including a recording medium a goggle type display a video
camera and a mobile telephone.
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